Pneumococcal capsular antigen has been detected by many methods, and all of these have a threshold of detection, with the lowest reported range running from 103/ml for enzyme-linked immunosorbent assay (26) and counterimmunoelectrophoresis (CIE; 13) and an average of 106/ml for these and other methods (2-4, 6, 9, 10, 15, 18, 22) .
In most instances, Omniserum (Staten Serum Institut, Copenhagen, Denmark) was used, but some workers, who obtained lower thresholds, used species-specific cell wall antiserum (26) or type-specific antiserum (9) . With the latter, chances of detecting a single type of pneumococcus are better than they are with Omniserum (14) .
In order to establish the threshold number of pneumococci required for capsular antigen to be detectable by latex agglutination (LA), 48 pneumococci isolated from 35 patients were tested. The sources and types are listed in Table 1 .
Pneumococci were removed from blood agar plates with a cotton swab, and serial dilutions of 10-1 to 10' were prepared in physiological saline. These suspensions were divided into two parts: one to be used for antigen detection and one for quantitative cultures. Pneumococcal capsular antigen detection was performed by LA, using the Wellcogen Streptococcus pneumoniae Kit (Wellcome Diagnostics, Dartford, England) according to the manufacturer's instructions. The second part of the dilution row was used for estimation of the number of pneumococci present in each tube. Tubes were vortexed, and 25 ,ul from each tube was spread out evenly on a blood agar plate by using bent glass rods. The number of pneumococci per milliliter in each tube was calculated by multiplying the number of colonies grown by the dilution factor of that tube and then by the additional dilution factor of an inoculum of 25 RIu.
For growth curves, three serial dilutions (10-3, 10', and 10-7 pneumococci per ml) were prepared in brain heart infusion (BHI) broth. Suspensions were vortexed, 500 p,l was removed from each tube for antigen detection, and 25 ,ud was removed for quantitative culture as described above. This process was repeated at 4, 8, 24, 48 , and 72 h. BHI tubes were incubated at 37°C in 5% CO2 until growth curves were completed.
It was found that approximately 106 to 107 pneumococci per ml were required for pneumococcal capsular antigen to be detectable by LA directly from blood plates. Tubes containing fewer pneumococci per milliliter did not yield agglutination by LA. This number of pneumococci was required regardless of the source, the patient category, or the capsular type. Results for capsular types are listed in Table 2 .
In growth curves, pneumococcal capsular antigen could not be detected until the microorganisms had reached a concentration of approximately 106 to 107/ml in BHI broth. Typical examples are shown in Fig. 1 .
Once the concentration of 106 to 107 pneumococci per ml was reached, antigen remained detectable for the entire 72 h of the experiment, even when the number of pneumococci fell below this number or when no further viable pneumococci could be detected (Fig. 2) .
On the whole, CIE tends to react earlier than does LA, but this is probably because LA detects an antigen which is different from that detected in CIE (25) .
It is reported elsewhere that detectable levels of antigen are related to the logarithmic phase of growth (9), but we were unable to confirm this. Pneumococci well into the logarithmic phase (Fig. 1 ) still did not produce detectable antigen until the required number was attained, and microorganisms that were dying or dead (Fig. 2) still produced detectable antigen providing the threshold had previously been reached.
An in vitro experiment such as ours cannot be entirely correlated to the in vivo situation because pneumococcal antigen was trapped in a glass tube, whereas it would be cleared by mucociliary action, phagocytosis, resorption, etc., in the human body. Pneumococci may also be cleared by being taken up into immune complexes (3, 13) . On the other hand, the in vivo situation lends itself to constant replenishment of antigen from the lungs, where as much as 2 g of antigen may be present (8) . Polysaccharide may also be released as pneumococci are digested by leukocytes (3) .
The number of pneumococci present (5, 7, 20) and the amount of antigen present (3, 4, 20) determine the prognosis of the patient. The number of microorganisms present may also tell us whether this is a clinical infection, as higher numbers of microorganisms have been found in patients with clinical infections than in carriers (21) . Pneumococcal carriers with colds had pneumococci in concentrations below the detection level for CIE (16) . Patients with chronic bronchitis who are colonized with pneumococci in the lower respiratory tract even in the stable phases of their illness may pose a problem for the LA test, but while probable pathogens are present in high numbers (1, 17, 19, 23) , carriers of potential pathogens probably have lower numbers of microorganisms than do patients who are clinically ill (21) . In 11 patients with bronchitis from whom pneumococci were isolated, only 5 were antigen positive (24) . Approximately 106 microorganisms per ml are required before a culture will yield colonies on an agar plate (17) , and >105/ml are needed for microorganisms to be visible microscopically (5) .
In an article published in 1943, before the advent of penicillin, it was shown that the risk to the patient increases as the number of pneumococci present increases, with fatality rising from 2% when <10 microorganisms are seen microscopically to 77% when >76 are seen (7). (12) , and the number of pneumococci in the sputa of pneumococcal pneumonia patients has been shown to be at least 106/ml (23) .
The point when Gram stain and culture are positive and at which the pneumococcus becomes a threat to the patient is also indicated when LA becomes positive, and it can be demonstrated within minutes on a sputum sample, which is easy to obtain.
A further help in diagnosis is the fact that antigen remains positive even after the culture becomes negative (Fig. 2) and after antibiotic therapy (unpublished results). As antigen detection in sputum is not influenced by washing (11), we can also safely wash sputum specimens to make a culture more reliable. Pneumococci from pneumococcal pneumonia patients are not washed away (lla).
LA probably provides us with the ability to determine the point at which detection of pneumococcal antigen becomes meaningful for the patient and is a good monitor for remaining antigen when the culture becomes negative.
